Supplementary Information
1. XRD patterns of (Sn 1-x f Pb x f )S films. Typical out-of-plane XRD patterns of (Sn 1-x f Pb x f )S films fabricated at various deposition conditions are shown in Figure S1 . The XRD pattern of a pure SnS film is also shown at the top panel of Figure S1a for comparison. The XRD patterns of the films grown at P ≤ 15 Pa exhibited strong 200, 400 and 800 diffractions from the orthorhombic structure of SnS. Whereas, no obvious diffraction was observed for the films grown at 20 Pa, indicating the films were amorphous.
2. Atomic force microscopy (AFM) and field-emission scanning electron microscopy (FE-SEM) images of (Sn 1-x f Pb x f )S films. Surface morphology of (Sn 1-x f Pb x f )S films was investigated by AFM and FE-SEM as shown in Figure S2 . The film with x f of ~ 0.08 showed p-type conduction, all the other three films showed n-type conduction. Although some surface roughness up to ~10 nm is found, uniform film microstructure and texture are confirmed. The FE-SEM images of (Sn 1-x f Pb x f )S films with x f ~ 0.5 also show the uniform contrast over the whole observation area and in the magnified image on right, showing that no Pb-rich segregation is detected. The chemical composition mapping of a (Sn 1-x f Pb x f )S film with x f ~ 0.5 was measured by EPMA as summarized in Table S1 . We measured chemical compositions After cleaned by Ar + sputtering, the signal of OH disappeared, suggesting that the OH absorbed only on the surface. Sn 3d and Pb 4f core level spectra of the (Sn 0.5 Pb 0.5 )S film are shown in Figures S4a and b , respectively. The spectra were fitted using Gauss-Lorentz functions, and only one signal peak was obtained for each Sn 3d and the Pb 4f spectrum, indicating that the Sn and the Pb had single charge states, respectively.
Electron-probe microanalysis (EPMA) chemical composition mapping
The obtained energies of Sn 3d, Pb 4f and S 2p core levels of the (Sn 0.5 Pb 0.5 )S film, pure SnS film, and PbS bulk sample are aligned in the Figure S4c . The pure SnS film exhibited the Sn 3d 5/2 peak at 485.73 eV, the energy difference between the Sn 3d 5/2 peak and the S 2p 3/2 peak ( Sn-S ) was about 324.83 eV. The Pb 4f 7/2 peak of the PbS sample was centered at 137.15 eV, the difference between the Pb 4f 7/2 peak and the S 2p 3/2 peak ( Pb-S ) was 23.21 eV. These results are consistent with other reports on SnS and PbS samples S2-S4 . For the (Sn 0.5 Pb 0.5 )S film, the Sn 3d 5/2 peak was located at 485.85 eV with  Sn-S of 324.99 eV, agreeing with those of the pure SnS. The Pb 4f 7/2 peak was located at 137.55 eV, and  Pb-S was 23.31 eV, very close to that of the PbS sample, suggesting that the Pb in the (Sn 0.5 Pb 0.5 )S film was of the +2 charge state.
